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Abstract Crystallized silver nanoparticles (SNPs) have been biosynthesized by Spirulina platensis in an
aqueous system. An aqueous solution of silver ions was treated with a live biomass of Spirulina platensis
for the formation of SNPs. These nanoparticles showed an absorption peak at 430 nm in the UV-visible
spectrum, corresponding to the plasmon resonance of SNPs. The transmission electron micrographs of
nanoparticles in an aqueous solution showed the production of SNPs (average size of most particles:
∼12 nm) by Spirulina platensis. The X-Ray Diffraction (XRD) spectrum of the nanoparticles confirmed the
formation of metallic silver, and the average size of the crystallite was estimated from the peak profile by
the Scherrer method. The synthesized SNPs had an average size of 11.6 nm.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY license.1. Introduction
Particles with a size up to 100 nm are usually referred to
as nanoparticles [1,2]. Nanoparticles exhibit completely new or
improved properties, based on specific characteristics, such as
grain size, distribution andmorphology, if comparedwith larger
particles of the bulk material they were made of.
Nanoparticles present a higher surface to volume ratio
with their decreasing size. A specific surface area is relevant
for catalytic reactivity and other related properties, such
as antimicrobial activity in silver nanoparticles (SNPs). As
the specific surface area of nanoparticles is increased, their
biological effectiveness can increase, due to the increase in
surface energy [1].
Silver has long been recognized as having an inhibitory
effect onmany bacterial strains andmicroorganisms commonly
present inmedical and industrial processes [3]. Themostwidely
used and known applications of silver and SNPs are in the
medical industry. These include topical ointments and creams
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wounds [4]. Other widely used applications aremedical devices
and implants prepared with silver-impregnated polymers [5].
In addition, silver-containing consumer products, such as
colloidal silver gel and silver-embedded fabrics, are now used
in sporting equipment.
Production of nanoparticles can be achieved through dif-
ferent methods. Chemical approaches are the most popular
methods for the production of nanoparticles. However, some
chemical methods cannot avoid the use of toxic chemicals in
the synthesis protocol. Since noble metal nanoparticles, such
as gold, silver and platinum, are widely applied to human con-
tact areas, there is a growing need to develop environmentally
friendly processes of nanoparticle synthesis that do not use
toxic chemicals. Biological methods of nanoparticle synthesis
using microorganisms [6–8], enzymes [9], and plant or plant
extracts [10] have been suggested as possible ecofriendly al-
ternatives to chemical and physical methods. Microorganisms,
both unicellular and multicellular, are known to produce in-
organic materials, often of nanoscale dimensions, either intra-
cellularly or extracellularly. Until now, we have witnessed a
wide range of prokaryotes as prospective nanoparticle synthe-
sizers [3–5]. Klaus et al. [6] have shown that the bacterium Pseu-
domonas stutzeri AG259, isolated from silver mines, is capable
of producing silver crystals within the periplasmic space of the
bacteria. However, the use of eukaryotes, especially fungi and
algae, is potentially exciting, since they secrete large amounts
of proteins, thus, increasing productivity, have easy usage in
evier B.V. Open access under CC BY license.
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duction ofmetallic nanoparticles, among othermicroorganisms
[7–9]. For example, Verticillium, when exposed to aqueous
AgNO3, caused the reduction of metal ions and the formation
of silver nanoparticles of about 25 nm diameters [11]. Fusar-
iumoxysporum or other fungi have been employed to synthesize
nanosilver in aqueous media [12].
Among the lower organisms, microalgae have a tremendous
role in bioremediation of toxic and precious metals and their
bioconversion to different nontoxic forms [13]. They not only
accumulate metals by chelation and chemical transformation,
but are also reported to produce bio-mineral structures and
metal nanoparticles. In this regard, formation of siliceous
frustules as a natural source of nanosilica by diatoms and
bioreduction, together with magnetic nanoparticle production
by magnetostatic bacteria, are well-known examples [14].
However, up to date, most microorganisms that have
been reportedly used for synthesis of silver nanoparticles are
pathogenic to either plants and/or humans [5,12]. So, over
the years, researchers have turned to nonpathogenic microor-
ganisms [13,14]. Spirulina platensis, a blue–green microalgae
(cyanobacteria), is an important representative of these mi-
croorganisms. Spirulina platensis is a free-floating filamentous
cyanobacterium characterized by cylindrical, multicellular tri-
chomes in an open, left-handhelix. They occur naturally in trop-
ical and subtropical lakes with high pH and high concentrations
of carbonate and bicarbonate. In this study, we aim at testing
the ability of Spirulina platensisto produce SNPs in an aqueous
system.
2. Materials and methods
2.1. Preparation of algal biomass
Spirulina platensis strain PCC 9108 was obtained from
the Culture Collection in France and was cultured a in BG-
11 (Blue-Green algae) medium for cyanobacteria [15]. The
growth potential of alga was maintained through regular sub
culturing techniques, under laboratory conditions at 28 °C,
in a 16/8 h light/dark cycle, under cool fluorescent light
(20–30 µmol photons m−2 s−1), in BG-11 medium (pH 9).
2.2. Development of silver nanoparticles
The SNPs were prepared by taking 5 g of a thoroughly
washed Spirulina platensis biomass from an exponential growth
phase in a 250 ml Erlenmeyer flask with 100 ml of 1 mM
aqueous AgNO3 solution (pH 7) for 24 h [14]. The entire process
of the reduction of metal ions to nanoparticles was carried out
at 25 °C.
2.3. UV–Vis spectra analysis
The reduction of pure silver ions was monitored by
measuring theUV-Vis spectra of the solution at regular intervals
after diluting a 2 ml aliquot of the sample.
2.4. TEM analysis of silver nanoparticles
Transmission ElectronMicroscopic (TEM) analysis was done
by using a TEM, TEM, JEM-1200EX (JEOL Ltd., Japan). 3µL of the
sample solution was placed on the carbon coated copper grid,
making a thin film of sample on the grid, and an extra sample
was removed using a cone of blotting paper, and kept in a grid
box, sequentially.2.5. Powder X-Ray Diffraction (XRD)
The bioreduced silver nitrate solution was drop-coated
onto glass substrate for XRD analysis. On the other hand, the
suspension of nanosilver particles was centrifuged at 10,000
rpm at 4 °C for 10 min to obtain a pellet of pure nanoparticle
for XRD analysis.
X-Ray Diffraction (XRD) measurements were carried out on
a Philips-X’Pert MPD X-ray diffractometer. The pattern was
recorded by Cu-Kα 1 radiation, with λ of 1.5406 Å, and a nickel
monochromator filtering the wave at a tube voltage of 40 kV
and tube current of 30mA. The scanningwas done in the region
of 2θ , from 20° to 80°, at 0.02°/min and the time constant was
2 s.
The mean particle diameter of SNPs was calculated from
the XRD pattern, according to the line width of the maximum
intensity reflection peak. The size of the nanoparticles was
calculated through the Scherrer equation [16]:
D = (Kλ)/(βcor cos θ), with βcor = (β2sample−β2ref )1/2,
where D is the average crystal size, K is the Scherrer coefficient
(0.89), λ is the X-ray wavelength (λ = 1.5406 Å), °2θ is
Bragg’s angle, β cor is the corrected full width at half maximum
(FWHM) in radians, and β sample and β ref are the FWHM of
the reference and sample peaks, respectively.
3. Results and discussion
3.1. Characterization of SNPs by UV-visible spectroscopy
In this study, extracellular synthesis of SNPs has been shown
from filamentous Spirulina platensis. It is well known that SNPs
exhibit a yellowish-brown color in aqueous solution, due to the
excitation of surface plasmon vibrations in SNPs [10]. Reduction
of the silver ion to SNPs during exposure to the Spirulina
platensis biomass could be followed by a color change, and, thus,
UV-vis spectroscopy. Figure 1 shows theUV-Vis spectrumof the
nano silver formation and the change in the color of the reaction
mixture to dark brown, indicating the biotransformation of
ionic silver to reduced silver, and the subsequent formation of
SNPs in an aqueous medium. It is observed that the maximum
absorbance occurs at ca. 430 nm.
3.2. Characterization of SNPs by TEM
TEM is powerful method to determine the size of nanopar-
ticles. The particle size distribution histogram for the SNPs de-
termined from the TEM image is shown in Figure 2. From this
figure, it is clear that the frequency peak comes at approxi-
mately 10–15 nm, and particles, whose sizes range from 5 to
30 nm, account for about 80% of the total particles observed
(Figure 2). TEM analysis showed that most particles had a size
of∼12 nm.
3.3. Characterization of SNPs by XRD
XRD analysis of the nanoparticles showed intense peaks,
corresponding to (111), (200) and (220) Bragg reflection, based
on the face-centered cubic (fcc) structure of SNPs, with a lattice
constant of a = 4.086 Å, whereas any peaks originating from
potential silver oxides (AgO or Ag2O) and AgCl, are absent
(Figure 3). The XRD pattern, thus, clearly shows that the
SNPs were formed by the reduction of metal ions by Spirulina
platensis in an aqueous system and are crystalline in nature.
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Sample Peak position (°2θ ) Peak orientation (Miller indices) FWHM Grain size (nm)
SNPs 38.1477 111 0.4723 17.8
44.5233 200 0.9446 9.0
64.5532 220 1.1520 8.1
Mean value of all three peaks (nm) 11.6Figure 1: The conversion of silver nitrate (a) to nano silver (b) by Spirulina
platensis PCC 9108 biomass. The pictures show the color changes before (a)
and after (b) the process of reduction of ionic silver (Ag+) to SNPs and UV-Vis
spectrum recorded after the reaction of 1mMsilver nitrate solution (——)with
5 g Spirulina platensis wet biomass at pH 7 and 25 °C and formation of SNPs
(- -- -).
The average crystal size of the silver crystallites is calculated
from the FWHMs of the diffraction peaks, using the Scherrer
equation. The FWHMs of all isolated peaks at about 38.15°
(111), 44.5233° (200) and 64.5532° (220) in °2θ were used for
size evaluation. The size of crystallite in different planes of silver
was determined as 17.8, 9.0 and 8.1 nmwith the mean value of
all three peaks as 11.6 nm (Table 1). The broadening of the Bragg
peaks indicates the reduction in grain size.
Microbial synthesis of nanoparticles in both intracellular
and extracellular form is observed efficiently from a variety of
bacterial strains [17].
The exact mechanism leading to the extracellular formation
of silver nanoparticles by the algal biomass is not fully under-
stood; there are still several possible mechanisms involved in
the process. It is thought that the first step involves the trap-
ping of metal ions on the surface of algal cells, possibly via elec-
trostatic interaction between the ions and negatively charged
carboxylate groups present in the cell surface. Thereafter, the
ions are reduced by the enzymes, leading to the formation of
nuclei, which subsequently grow through the further reduction
of metal ions and accumulation of these nuclei [18].
Most probably, the reduction of SNPs occurs due to the
presence of cellular reductases released by Spirulina platensis
into the solution. Also, in cyanobacteria, localized reducing
conditions may be produced by a bacterial electron transport
chain, via energy generating reactions within the cells [19].
In this respect, secreted cofactor NADH plays an important
role [20].Figure 2: (a) TEM image of developed SNPs and (b) particle size distribution
histogram of SNPs determined from TEM image.
For gold nanoparticles synthesized extracellularly by the
fungus Fusarium oxysporum, it was reported that the reduction
occurs due to NADH-dependent reductase released into the
solution [21].
It seems that cyanobacteria have a high potential for
synthesizing other nanoparticles with different shapes. For
example, cubic gold nanoparticles and octahedral gold plates
produced from the filamentous cyanobacterium, Plectonema
boryanumUTEX 485, are exposed to aqueous Au (S2O3)2 and
AuCl4, respectively [22].
4. Conclusion
Thiswork indicates that live algal biomassmaybe a valuable,
cost effective means for the fabrication of SNPs, indicating
M. Mahdieh et al. / Scientia Iranica, Transactions F: Nanotechnology 19 (2012) 926–929 929Figure 3: (a) XRD pattern of SNPs synthesized by Spirulina platensis biomass.
(b) XRD patterns of elemental silver and silver chloride (°2θ is Bragg angle).
their potential in the future production of other valuable
nanostructures in the emerging field of nanobiotechnology.
Finally, an environmentally friendly method using Spirulina
platensiswas proposed to synthesize SNPs.
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